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(57) ABSTRACT 

An impedance matching circuit in accordance with the 
principles of the present invention employs series-connected 
transmission lines to match a high reflection coefficient 
source impedance with a load impedance. The matching 
circuit is formed on a dielectric substrate material and 
accommodates the relatively limited capabilities of photo- 
lithographic circuit production. The new impedance match- 
ing circuit may be constructed of three series-connected 
transmission line sections. A first section, the section that is 
to be connected to the source, transforms the high source 
impedance into a relatively low valued impedance that is 
substantially resistive. The reflection coefficient of the first 
section is substantially equal to the reflection coefficient of 
the source. A second may be implemented as a quarter-wave 
transformer that transforms the low impedance developed by 
the first section into an intermediate impedance value. The 
third section transforms this intermediate value impedance 
into an impedance that substantially matches that of the load. 

15 Claims, 2 Drawing Sheets 
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DISTRIBUTED IMPEDANCE MATCHING U.S. Pat. No. 5,729,201; application Ser. No. 08/909,719; 

CIRCUIT FOR HIGH REFLECTION application Ser. No. 08/621,784; application Ser. No. 

COEFFICIENT LOAD 08/660,249; application Ser. No. 08/660,261; application 

Scr. No. 08/790,640; application Ser. No. 08/790,639; and 

This application claims priority from provisional appli- 5 application Ser. No. 08/681,742. The above identified U.S. 

cations No. 60/078,304 and 60/078,287 both filed on Mar. Patents and U.S. Patent applications are hereby incorporated 

17, 1998 and 60/077,879 filed on Mar. 13, 1998. by reference. Additionally, Patent Applications entitled, 

"Radio Frequency Identification Transponder Having a Spi- 

FIELD OF THE INVENTION r al Antenna", "Radio Frequency Identification Transponder 

The invention relates to impedance matching networks, 30 Havin S a Helical Antenna", "RFID Transponder Having 

and, more particularly, to impedance matching networks for Improved RF Characteristics", and "Radio Frequency Iden- 

circuits connected to loads with high reflection coefficients. Nation Transponder Employing a Patch Antenna", filed on 

the same day as this application and assigned to the same 

BACKGROUND OF THE INVENTION assignees as this application is assigned are also hereby 

* j . a 4 . . -11-. j is incorporated by reference. 

In order to reduce reflections, improve signal quality, and r ' 

supply the greatest power from a source to a load, the The appficants claim priority under 35 U.S. C. 119 (e) for 

impedance "looking into the load" from the source should provisional applications having attorney docket numbers 

match the output impedance of the source. Additionally, Y0897 660P1 > Y0897-661P1, and YO997-038P1, respec- 

since a mismatched fine has different properties at different 2Q tlvel y filed on March 16 ' 17 > and 13 « 

frequencies, a mismatched circuit is generally unsuitable for SUMMARY 

broadband or multi-frequency use. Consequently, relatively v iVl ^ 

broadband circuit applications are particularly needful of An impedance matching circuit in accordance with the 

impedance matching circuits. principles of the present invention employs series-connected 

Impedance matching is discussed in The Art of 25 transmission lines, such as microstrip lines, to match a high 

Electronics, Paul Horowittz and Winfield Hill, Cambridge reflection coeflScient source impedance, such as that asso- 

University Press, Second Edition, New York, 1989 pp. ciated with RF tag circuitry, with a load impedance such as 

879-882 and in R. E. Collin, "Foundations For Microwave that associated with an antenna input. The matching circuit 

Engineering", McGraw-Hill, 1992. is formed on a substrate material and accommodates the 

Matching the impedance of a load having a high reflection 30 rclativel y !imited capabilities of lithographic circuit forma- 

coefficient is particularly difficult, sometimes requiring com- tl0n techniques. The terms load and source may be 

plex circuits that are particularly difficult to implement using interchanged, depending upon one's perspective so that, for 

conventional technologies. For example, in order to produce example, an antenna and an RF tag circuit may be respec- 

a matching circuit having the appropriate impedance, a tivel y v,ewed 35 source and load > or load and source > 

conductor line on a printed circuit board may need to be 35 pending upon perspective. 

thinner than may be accommodated by conventional pho- In an illustrative embodiment the new impedance match- 

toligthographic techniques. The term, "a load having a high ing circuit may be constructed of three series-connected 

reflection coefficient" refers to a load that has a high transmission line sections. A first section, the section that is 

reflection coefficient with respect to a conventional fifty- to be connected to the source, transforms the high source 

ohm system impedance. Additionally, the terms load and 40 impedance into a relatively low-valued impedance that is 

source may be interchanged, depending upon one's perspec- substantially resistive. Additionally, the reflection coefficient 

tive so that, for example, an antenna and an RF tag circuit looking into the source from one end of the first section is 

may be respectively viewed as source and load, or load and substantially equal to the reflection coefficient looking into 

source, depending upon perspective. Related applications the source firom the other end of the first section. The 

and issued patents 45 reflection coefficient looking into the source from a first end 

Related U.S. Patents assigned to the assignee of the of the fi rst section, at the source/first section interface, is 

present invention include: U.S. Pat. Nos. 5,528,222; 5,550, 8 iven > for example, by a ratio of differences and sums of the 

547; 5,552,778; 5,554,974; 5,538,803; 5,563,583; 5,565, impedances of the first section and of the source. Similarly, 

847; 5,606,323; 5,521,601; 5,635,693; 5,673,037; 5,682, the reflection coefficient looking into the source from second 

143; 5,680,106; 5,729,201; 5,729,697; 5,736,929; 5,739, 50 end of the first section is given by the ratio of the differences 

754; and 5,767,789. Patent applications assigned to the and sums of the s° urcc impedance as transformed to the 

assignee of the present invention include: application U.S. second end of the first section and the characteristic imped- 

Pat. No. 5,673,037; Ser. No. 08/621,784, filed on Mar. 25, ance of the first section. 

1996 entitled, "Thin Radio Frequency Transponder with A second section of the illustrative three-section embodi- 
Leadframe Antenna Structure" by Brady et al. (pending); 55 naent is a quarter wave transformer that transforms the low 
application Ser. No. 08/626,820, Filed: Apr. 3, 1996, impedance developed by the first section into an interme- 
entitled, "Method of Transporting RF Power to Energize diate impedance value. The third section transforms this 
Radio Frequency Transponders", by Heinrich et al.; appli- intermediate value impedance into an impedance that sub- 
cation Ser. No. 08/694,606 filed Aug. 9, 1996 entitled, stantially matches that of the load. 

"RFID System with Write Broadcast Capability" by Hein- 60 The second section may be transformed to any of a 

rich et al.; application Ser. No. 08/681,741, filed Jul. 29, number of values, but, perhaps most conveniently, if the 

1996 entitled, "RFID Transponder with Electronic Circuit second section transforms the input impedance looking into 

Enabling and Disabling Capability", by Heinrich et al.; the source into a 50 ohm impedance and the load is a 50 ohm 

application Ser. No. 08/592,250 (See also PCT International impedance, the third section may be a transmission line of 

Application No. PCT/EP95/03903 filed Sep. 20, 1995, and 65 any length having an intrinsic impedance of 50 ohms. 

U.S. application Ser. No. 08/330,288 filed Oct. 27, 1994, Consequently, in this case, the matching circuit affords some 

now abandoned, on which the PCT application is based); latitude in the selection of the third section's length because 
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the third section may be made of such a length as minimizes ited and etched or silver conducting paste screened to form 
interference between the second section and the load. conductive lines, or traces, on either side of the substrate 
Similarly, with higher-impedance loads, within the 50 to 800 material to form the desired transmission line sections, 
ohm range corresponding to a wide variety of antenna In the circuit diagram of FIG. 2A the source impedance 
impedances, for example, the length of the third section may 5 100 and load impedance 104 are illustrated, as in FIG. 1, as 
be chosen to suit a wide range of impedances. As a result, a functional blocks. The impedance matching circuit 102 
single impedance matching circuit design may be employed includes a first transmission line section 106 that is con- 
to match a source to a variety of loads, thus reducing the nected in series to another transmission line section 108. The 
manufacturing costs of devices that employ the new match- entire impedance matching circuit 102, including at least 
ing circuit. 10 two transmission line sections, is connected in series 
Although the new impedance matching circuit may be betwecn the *° u ™ 100 md load impedance 104. Each 
employed with a variety of sources and loads, it is particu- section may be characterized by a length Ln and width Wn. 
larly well suited to application with RFID tags. ^ Wldth Wn ' t0 S ether Wlth lhe dielectric constant and 
. A t r*u c j. thickness of the transmission lines' substrate material, deter- 
In a further aspect of the invent™, a free standing quarter fflines each ttansmissioll line xctioQ , s cbaracleristic imped . 
wave transformer is employed to couple one terminal o the ance ^ The characteristic k related t0 the b £ rd 
RHD circuitry to a ground plane on the opposite side of the tbickness and ^ J m and ^ . 
substrate from the RFID circuitry. By employmg the quarter mannef 0ne ression of , be relationship h avail . 
wave transformer, a via-free connection is made between the ab)e [q Tab , e 2 g of ;.. Microwave Solid Stat P e circuil 

T*W °T™ r substra, *. and a 8 r0UDd V h ™ on 20 Design", Inder Bahl, and Prakash Bhartia, John Wiley and 

the other side. This via-fre* connection improves mechani- s New York 198g wbicb k bereb ^ ^ b 

cal rehabihty and reduces manufacturing costs. refcrence , n ^ mustrative embodiment / a ^^sion ^ 

BRIEF DESCRIPTION OF THE DRAWINGS section 106 is connected to the source 100. This transmis- 
sion line section transforms the relatively high reflection 

The above and further features, aspects, and advantages of 1S coefficient impedance of the source into a low valued, 

the invention will be apparent to those skilled in the art from substantially pure resistance. That is, "looking back into" the 

the following detailed description, taken together with the source, the impedance with the first section 106 attached is 

accompanying drawings in which: a low-valued substantially pure resistance, whereas, without 

FIG. 1 is a conceptual block diagram of a system, which the first section 106 attached, the impedance looking back 

includes a source, a load, and a matching circuit in accor- 30 mto me source has a high reflection coefficient. One or more 

dance with the principles of the invention; transmission line sections 108 are connected to the trans- 

FIGS. 2A and 2B are circuit diagrams illustrating a mission line section 106 to transform the relatively low 

multisection series connected matching circuit in accor- valued substantially pure resistance afforded by the first 

dance with the principles of the present invention; transmission line section into an impedance which matches 

CTr , 1 . .. A . e ' , . 35 that of the load impedance 104. 

FIG. 3 is a circuit diagram of a three-section matching . . . * . . , 

circuit in accordance with the principles of the present A transmission lme section, as may be employed to 

invention* transform an impedance in accordance with the principles of 

' _ the present invention is illustrated in greater detail in the 

FIG. 4 is a conceptual block diagram of an RFID system perspective view of Fia 2 B. A conductive trace 110, which 

that employs an impedance matching circuit in accordance ^ ^ be referred lQ for the convenience 0 f description as a top 

with the principles of the present invention; ^ although me ^ ^ substfate may be Wd {n ^ 

FIGS. 5A and SB are circuit diagrams of an RFID tag that orientation, is attached to a substrate 112 formed of a 

employs an impedance matching circuit in accordance with dielectric material. A bottom trace 114 is attached to the 

the principles of the present invention; and substrate directly opposite the top trace. The bottom trace 

FIG. 6 is a circuit diagram of an RFID tag that employs 45 114 may match the outline of the top trace, in which case the 

a "via free" ground connection in accordance with the bottom and top traces are generally referred to as a parallel 

principles of the present invention. plane transmission line, or the bottom trace 114 may be 

nFTAH pn nP^ruiPTinM implemented as a ground plane, whereby the entire side of 

UblAlLhU DbbCKlKlION me substrale opposite to that of the top trace is covered by 

An impedance matching circuit employs series connected 50 a conductive material. In the latter case, the line is generally 

transmission lines to match a source impedance that exhibits referred to as a microstrip line. As noted above, the dielectric 

a relatively high reflection coefficient (with respect to a material 102 may be formed of any number of materials, 

conventional fifty-ohm system impedance) to a load imped- An illustrative embodiment of a three -section impedance 

ance. As illustrated in the block diagram of FIG. 1, a source matching circuit in accordance with the principles of the 

impedance 100 is connected through a series combination of 55 present invention will be described in association with the 

transmission line sections 102 to a load impedance 104. The circuit diagram of FIG. 3. FIG. 3 is a top -plan view of an 

impedance matching circuit 102 is composed of a plurality illustrative three section embodiment of an impedance 

of transmission line sections, any of which may be imple- matching circuit in accordance with the principles of the 

mented using a variety of materials. That is, each of the present invention. A first transmission line section 116 is 

transmission line sections is made up of a pair of conductors 60 connected to a source (not shown) which exhibits a complex 

separated by a dielectric material and may be implemented impedance Z c having respectively low and high, real and 

using hybrid technology, printed circuit board technology, or imaginary parts. Source impedances having a low real part, 

other known technologies. A dielectric substrate material on the order of 10 ohms, and relatively high imaginary parts, 

such as a glass/epoxy board, a ceramic substrate, tile sub- which may range up to several hundred ohms, are particu- 

strate materials, a flexible substrate material, or other 65 larly difficult impedances to which to match a load imped- 

materials, may be employed in conjunction with printed ance. To properly match impedances in this case, that is, to 

circuit traces, i.e., conductive material such as copper depos- extract the maximum power from the" source, the load 
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impedance should have an impedance that is the complex diagram of FIG. 4. An RF base station 400 includes an RF 

conjugate of the source impedance. transmitter 402, an RF receiver 404, and an antenna 406 

Although it is conceivable that one could use a single connected to the transmitter 402 and receiver 404. An RF tag 

transmission line section to match the load impedance to the 416 such as may be used in conjunction with the base station 

source impedance by transforming the load impedance to 5 400 includes an RF front end 410, a signal processing 

either a very high resistance or to a very low resistance,- section 412, and an antenna 414 which provides operation 

neither approach is particularly practical. That is, to obtain 0 ver a relatively wide frequency band. The tag 416 also 

a high enough resistance for the first approach, some portion includes a multi-section series-connected impedance match- 

of a line m the circuit would have to be so narrow as to be mg circuit m in acC ordance with the principles of the 

unpractical. For example, current printed circuit techniques 30 p reseD t invention. 

limit the width of a micro strip line to no less than 4 mils. , 4 . « . 4 . Ark ~ . . 

m*u c*u v i^u • 1 , 1 u In operation, the base station 400 interrogates the tag 416 

The width of the line would be impractical, not only because . nc • 1 u • • r r 

of the special photolithographic techniques that would be ft ^^"f 30 S f>- i T H 

required, with their attendant costs, but slight variations in ™° Ca ™ r " b ^ ° D 3 nUmber ° f 

♦u r ' -a*u ~, ia u • •« . factors known in the art, mcludmg the amount power 

the line s width could result in significant performance ... . , 4U 4 f . -^J* . 4 . „1 

n *u *u u a • i • * • i- « j 15 permitted at that frequency by FCC regulations. The RF 

variations. On the other hand, a single micro strip line wide . , . , , , 4 7 ; J A ^ ■ ,* , 

. . , <u \ a - a * i signal is coupled to the antenna 406 and transmitted to the 

enough to reduce the load impedance to a very low resis- ♦ ,mc Tk • 1 a u .u . „ 

t * , , . . , .. . . . tag 416. The RF signal emitted by the antenna 406 will, 

tance would be so wide as to disturb operation of the load in * . U1 . ■ j u *u * ^ « i_ n ^ 

c , 4 . \ 4 , .. # , t . ostensibly, be received by the tag antenna 414. If the RF 

some cases. For example a continuously tapered line that is - i\ A 6 , , . , 

• i 11 j j i_ * i_ signal s field strength meets a read threshold requirement, 

very wide at a low impedance end and narrow at a high ™ DC t -n ^ ♦ 4 . 4 . c w . , , 

j , u * u . , . i * 20 the RF tag will respond to the reception of the signal by 

impedance end, may have to be so wide at the low imped- j. . a. ™? • . • _ • c •? J 

j ' » • . _r .u modulatmg the RF earner to unpart information about the 

ance end as to present interference to other circuit compo- • . j . • .< « | „ " " Ty .rv 

«^ « ,r ♦ • * ♦ * associated container onto the back-scattered RF field which 

nents and it may radiate a significant amount of energy, 4 4 . . . An „ nr . . . , 

4 . 4 . . j • • 6 tL . 4f _ . &J ' propagates to the base station 400. The RF signal transmitted 

rather than guiding the energy through the circuit as J\, VJ f\ _ f 4 . ^ 4 . «= • 7* u . 

• , j j a jJ- ( - n »u j u . i_ by the base station 400 must have sufficient field strength, 

intended. Additionally, the narrow end may have to be so « , , . . t t 4 . , . t . - 4l _ . . * ' 
f ' . J . , . 4J 25 takmg into account the polarization of the signal and of the 

narrow as to preclude manufacture by conventional printed » » ♦ ♦ t u i »• f *u . A 4 4 

•« u j * u • j « « r „ tag s antenna, at the location of the tag 416 for the tag to 

circuit board techniques, and, as noted above, any small j ♦ »»u nc • i t *u c c u j • 

absolute variations in the width would result in laje per- f ete ^! the SIg ° al - In the ,fT ? a i fleld -P owered 1 P assiv « 

centage variations of the high impedance end. Consequently, the , ^rrogatmg signal s field strength generally must 

♦u -if * , j. 4 r T-i^ i i . De great enough for the tag 416 to rectify the signal and to 

the illustrative embodiment of FIG. 3 employs three trans- ™ + k ■ i» Tu , » ? i. j 

.... 4 . / . 4 . . At _ ... r / , 30 use the signal s energy as the tag s power source. It should 

mission line sections (micro stnp in the illustrative embodi- . -„ Jr. . & u F ... . 4 , 

ment here) to transform the source impedance into an be cleaf tha /' •Pphcat.ons such as th.s wuh very little 

impedance which matches the load. This matching process P ° W " aVailable t0 th f h ClrCUlt > aD ' «^a"« ma,ch ">g 

can be viewed from the perspective of "looking into" the ^ thi " ™™» ' he P ower dellver y fron « « «»"ce to 

source, or, equivalent^, it can be viewed from the perspec- 35 a load 15 P articularl y advantageous, 

live of looking into the load. In the top plan view of the RFID tag of FIG. 5A, a high 

From the perspective of looking into the source, the first refleCtion °ff cien ' ™ rce ' ta ,he form ° f RRD cir ^ tr y- 

section U6 transforms the low-resistance/bigb-reactance 15 con ". ect « 1 ' hrou S h ! three-section matching circuit 102 to 

impedance of the source into a low valued resistance. The a *° ad m the f ° rm °? 30 antenna - 7 1,e D e ^ atl0D V16W 

magnitude of the reflection coefficient of the first section/ 40 of " G - 5B d,s .P la y s 1116 of the RFID circuitry, 

source combination is substantially equal to the magnitude matching cu-oi.t, etc., on a substrate matenal having a given 

of source's reflecfion coefficient. A second section 118 thl ^ css and * ele ? n ? consta " t ° n ,h * °PP° slte Slde of lh « 

transforms the impedance looking into the second section subs,rate ' a 8 rou ° d P lane underl , ies the above-mentioned 

into an intermediate valued resistance. In the illustrative circ ™. tr y t0 form f he Emission bnes, or more specifically 

embodiment, the second section 118 is implemented as a 45 ca f e ' « lcrostn P l"»es of the matching circuit 

quarter wave transformer to simplify the impedance match- AdditionaUy, the ground plane 113 prov.des an electneal 

ing circuit. A third section 120 transforms the intermediate reference for lhe RFID c,rcmtr y- 

valued resistance of the second section into a resistance A transmission line's impedance transformation proper- 

which matches the load. Through use of a second section 118 ties ma y be generally described by the following formula; 

that produces an intermediate-valued resistance, the third 50 z„,-Zc(Z L +jZ c tan (p L))i(z^iZ L tan (p L)) (l) 
section 120 may be implemented with an impedance that 

does not require an extremely thin transmission line profile. where: 

That is, the impedance of the third section 120 need not be Z m-the input impedance looking into a load attached to 

so high as to require special photolithographic techniques the opposite end of the transmission line, 

and, consequently, the cost and reliability of the matching 55 Z c =the characteristic impedance of the transmission line, 

circuit will be substantially improved when compared to a Z^the load impedance, 

matching circuit that employs the very narrow transmission L„ the lenglh of ^ transmission line, 

lines necessary to produce high impedances p-2*/(guided wavelength), is the propagation constant of 

From the perspective of looking into the load, the third the transmission ^ 
section 120 transforms the load impedance into an interme- 6 o i Q , he special case where the length of the transmission fine 
diate impedance, the second section 118 transforms this k 0Qe rter of , he ide(J waveleDgth the ti!iDsmis . 
impedance into a relatively low resistance (on the order of sion line ^ referred t0 as , rter wave and the 
ten ohms or less), and the first section 116 transforms the re i ationshi p reduces t0: 
load resistance of the second section to the complex conju- 
gate of the source impedance. 65 ^-z c 2 /z L (2) 

An RFID system in accordance with the principles of the Assuming the thickness and dielectric constant of the 

present invention is illustrated in the conceptual block substrate are given, the characteristic impedance of a trans- 
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mission line section is a function of the section's width Wn. section matching circuit combination may be designed for 

Common board thicknesses include 3-, 5-, 8-, 10-, 16-, 20-, use with a plurality of antennas having a relatively broad 

30-, 40-mil, etc. and common relative dielectric constants range of impedances. For example, an antenna having a 

include 2.5, 3.0, 3.2, 3.4, 4.0, 4.5, 6.0, 9.2, 10.2, 20, etc. In impedance 800-jlOO ohms will be transformed to 49.2+j6.2 

the following example, a relative dielectric constant of 3.0 5 0 hms using a 200 ohm quarter wave transformer for section 

and a board thickness of 30 mil are assumed. The charac- 3> If the mcnm i mpedance * 6 00- j 100 ohms, the same 200 

teristic impedance may be derived for example, from the ohm rter wave ^fo^ for section 3 ^ transform 

previously mentioned table 2^6 of the Bahl reference. For a (he antenQa impedance to 67 ohms> ^ 67 ohms ^ trans . 

source impedance such as 10-jlOO ohms provided by an , , . 1 c , . irt . , . 

Dirin ♦ a - • u« * «u u * • »■ formed to 1.5 ohms by section 2's 10 ohm impedance and 

RFID integrated circuit, one might set the characteristic 10 # - c . ftn * . . , + crt . ^ - • 

impedance of the first section to 50 ohms. In a case where t0 7 5+J f 6 ° hmS b * " f ^ ^ 

the second section 118 and third section 120 are used to ^fvery close to the value (10 plus j 100 ohms) obtained using 

transform a low-valued resistance to a high impedance, the the same "npcdancc matching circuit values, but with 

intermediate impedance is the geometrical mean of the antenna impedance of 800 ohms. Since most antennas 

low-valued resistance and high impedance. For example, if is P resent impedances in the range from 50-300 ohms 

the low-valued resistance is 3 ohms and the high impedance (300-600 ohms for some higher impedance antennas), the 

is 800 ohms, the intermediate impedance is 49 ohms, very illustrative 3 section matching circuit is particularly suitable 

close to 50 ohms. The line thickness w lf 1.88 mm, may be t0 matching antenna impedances to relatively high 

obtained, for example, from equations listed in table 2.6 of impedance, high reflection coefficient circuits, such as RFID 

the Bahl reference. As is known, the impedance of a micros- 20 circuits. 

trip line may be most accurately calculated by a full-wave i n this illustrative embodiment, bandwidth has been, to 

solution of Maxwell's equations. The Bahl reference pro- some extent> traded for space. That is, by using a quarter 

vides formulas that have been generated by curve-fitting the wave transformer, the bandwidth of the circuit will be 

?n TnT u a?™", i Ve0 a , l0ad . im P eda " ce u ^ ual * limited somewhat limited in comparison to a continuously 
10-jl00 ohms Ohis load ^pedance is actually the imped- 25 t d line Ho M eviousl discussed> the conlim /_ 
ance of the source, the RFID circuit), and the requirement , , . ,. , , lt . . / , . , 
that the impedance^ looking into the first section be a real °^ ta P ered H hne wo f P°« difficulties at both its high- 
number, p 1,-63.6°. Since the guided wavelength is known, ^ ^-impodiiia ends and would typically consume more 
the length L x can be computed using one of the Bahl surface area than the illustrative three-hne embodiment. The 
relationships to yield L,=14 mm (63.6 electrical degrees) 30 lllustrative three-section, or three-line, embodiment pro- 
assuming a guided wavelength of 78.73 mm for the 1.88 mm Vldes 80 intermediate bandwidth, between that of a single 
line at 2.45 GHz. Inserting the above values into equation 1 tier transformer and that of a continuously tapered line, 
yields an impedance of approximately 2 ohms, looking into In a special case where the second section has trans- 
the RFID circuitry from the transmission line. formed the impedances looking into the source to an imped- 

The second section is designed to transform this two ohm 35 aQ ce equal to the antenna impedance, the third section may 

impedance into a convenient intermediate valued imped- nave a width that yields an intrinsic impedance Z c equal to 

ance. A value of 50 ohms for the intermediate impedance is tD e antenna impedance. In this case, the length of the third 

particularly convenient, as a number of antennas present a section may be of an arbitrary length and should be chosen 

50 ohm load. In the illustrative embodiment, this section is t0 eliminate interference between the relatively wide section 

implemented using a quarter wave transformer and thus the 40 2 and the antenna. Since many antennas are designed with 

characteristic impedance of section 2 is given, from equation a 50 onm impedance, a third section of arbitrary length 

2 as: having a 50 ohm intrinsic impedance would be particularly 

z well suited for a wide variety of RFID tag applications. 

Zj*HZM (3) In the illustralive embodiment of FIG. 6, the RFID 

Thus the characteristic impedance for the second section is 45 circuitry is typically connected at one terminal through the 

lOohms. The length Ljof the second section is given by the impedance matching circuit 102 to an antenna. Another 

fact that this is a quarter wave transformer. The length and terminal of the RFID circuit, one which provides an elec- 

width of section can be readily computed, yielding trical reference point, or "ground" is connected to a quarter 

W2= 14.64 mm in order to produce a 10 ohm impedance. wave transformer formed by an open-ended microstrip line 

Because the guided wavelength of this line at 2.45 GHz is 50 situated opposite the ground plane. The quarter wave trans- 

73.3 mm, L2 is 18.32 mm. former acts as an RF short to the ground plane, thus 

The third transmission section matches the input imped- providing an electrical reference for the circuit without 

ance looking into the second section, 50 ohms in this requiring the use of a via through the substrate material. That 

example, to the impedance of the attached antenna. If the is, with Z 1 -infinity, and (0 L)-(:t/2), Z^»0, as indicated by 

antenna impedance is greater than the impedance looking 55 equation 1. This via-free connection to the ground plane 

into section two, section three can be implemented as quarter eliminates substantial manufacturing costs and improves the 

wave transformer, having a length Lj determined by the reliability of the RFID tag circuitry. The foregoing descrip- 

requirement that it be a quarter wave transformer. The tion of specific embodiments of the invention has been 

section's characteristic impedance 141 ohms, assuming a presented for the purposes of illustration and description. It 

400 ohm load, is 141 ohms. The width W 3 of section 3, is 60 is not intended to be exhaustive or to limit the invention to 

0.177, and the guided wavelength of line 3 is 83.07 mm. The the precise forms disclosed, and many modifications and 

length of line 3 is one quarter of the guided wavelength, or variations are possible in light of the above teachings. The 

20.77 mm. embodiments were chosen and described to best explain the 

Using this illustrative embodiment, one may choose the principles of the invention and its practical application, and 

impedance of line 3 to match the average impedance of a 65 to thereby enable others skilled in the art to best utilize the 

group of relatively high impedance antennas that may be invention. It is intended that the scope of the invention be 

connected to the circuit. That is, a single RFID circuit/three limited only by the claims appended hereto. 
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What is claimed is: 

1. An RFID tag comprising: 
an RFID circuit, 

an antenna, and 

5 

a series connected transmission line impedance trans- 
forming circuit connected between the RFID circuit 
and the antenna to match the impedance of the RFID 
circuitry to the impedance of the antenna, wherein the 
impedance transforming circuit includes a first trans- 3Q 
mission line connected to the RFID circuit, the first 
transmission line transforming the relatively high 
impedance of the RFID circuit into an impedance that 
is a substantially pure resistance and that has a reflec- 
tion coefficient whose magnitude is substantially the 15 
same as the reflection coefficient of the source, and one 
or more series-connected transmission line(s) con- 
nected to the first transmission line, said one or more 
series-connected transmission line(s) transforming the 
relatively low valued substantially pure resistivity 2Q 
looking into the first transmission line into an imped- 
ance which matches the impedance of the load. 

2. The RFID tag of claim 1 wherein each transmission line 
comprises: 

a dielectric substrate, 25 
a first conductive trace affixed to one side of the substrate, 
and 

a second conductive trace affixed to the opposite side of 
the dielectric substrate. 

3. The RFID tag of claim 2 wherein the transmission lines 30 
comprise conductive traces photolithographically applied to 

a printed circuit board. 

4. An RFID tag comprising: 
an RFID circuit; 

an antenna, and 35 
a series connected transmission line impedance trans- 
forming circuit connected between the RFID circuit 
and the antenna to match the impedance of the RFID 
circuitry to the impe'dance of the antenna, wherein the 4Q 
impedance transforming circuit includes a first trans- 
mission line for connection to the source, the line 
having an impedance that transforms the RFID circuit 
impedance into a small-valued, substantially pure 
resistance, a second transmission line connected in 45 
- series to the first transmission line, the second trans- 
mission line having an impedance that transforms the 
input impedance looking into the first transmission line 
when the first transmission line is connected to the 
RFID circuit into an intermediate-valued impedance, 5Q 
and, a third transmission line that transforms the 
intermediate -valued impedance looking into the second 
transmission line into an impedance that substantially 
matches the impedance of the antenna. 

5. The RFID tag of claim 4 wherein the second transmis- 55 
sion line is a quarter wave transformer. 

6. The RFID tag of claim 4 wherein the second transmis- 
sion line provides an impedance, looking into the second 
line when connected to the first line, which permits the third 
line to be produced using standard photolithographic pro- 6Q 
cesses to match the impedance of the antenna. 

7. An RFID tag comprising: 
a source; 

a load; and 

a series connected transmission line impedance trans- 65 
forming circuit connected between the source and the 
load to match the impedance of the source to the 
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impedance of the load, wherein said impedance trans- 
forming circuit includes first and second series- 
connected transmission line sections, said first trans- 
mission line section connected to said source and 
transforming the impedance of the source into a sub- 
stantially sure resistive value, and said second trans- 
mission line section connected to said load and trans- 
forming said substantially pure resistive value looking 
into said first transmission line section into an imped- 
ance that matches the impedance of said load. 

8. An RFID tag comprising: 
RFID circuitry, 

an antenna, 

a series connected transmission line impedance trans- 
forming circuit connected between the RFID circuitry 
and the antenna to match the impedance of the RFID 
circuitry to the impedance of the antenna, and 

a via-free connection between a circuit point on one side 
of a printed circuit board to a reference point on the 
other side of the printed circuit board, comprising: 

a quarter wave transformer connected to the circuit point 
on one side of a printed circuit board, and 

a conductive trace on the opposite side of the printed 
circuit board from the quarter wave transformer, under- 
lying the quarter wave transformer and substantially 
encompassing the outline of the quarter wave trans- 
former. 

9. The RFID tag of claim 8 wherein the impedance 
transforming circuit for connection between a antenna and a 
high reflection coefficient RFID circuit, comprises: 

a first transmission line connected to the RFID circuit, the 
first transmission line transforming the impedance of 
the RFID circuit into an impedance that is a substan- 
tially pure resistance and that has a reflection coeffi- 
cient whose magnitude is substantially the same as the 
reflection coefficient of the source, and one or more 
series-connected transmission line(s) connected to the 
first transmission line, said one or more series- 
connected transmission line(s) transforming the rela- 
tively low valued substantially pure resistivity looking 
into the first transmission line into an impedance which 1 
matches the impedance of the load. 

10. The RFID tag of claim 9 wherein each transmission 
line comprises: 

a dielectric substrate, 

a first conductive trace affixed to one side of the substrate, 
and 

a second conductive trace affixed to the opposite side of 
the dielectric substrate. 

11. The RFID tag of claim 10 wherein the transmission 
lines comprise conductive traces photolithographically 
applied to a printed circuit board. 

12. The RFID tag of claim 8 wherein the impedance 
transforming circuit comprises: 

a first transmission line for connection to the source, the 
line having an impedance that transforms the RFID 
circuit impedance into a small-valued, substantially 
pure resistance, 

a second transmission line connected in series to the first 
transmission line, the second transmission line having 
an impedance that transforms the input impedance 
looking into the first transmission line when the first 
transmission line is connected to the RFID circuit into 
an intermediate-valued impedance, and, 
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a third transmission line that transforms the intermediate- 
valued impedance looking into the second transmission 
line into an impedance that substantially matches the 
impedance of the antenna. 

13. The RFID tag of claim 12 wherein the second trans- 
mission line is a quarter wave transformer. 

14. The RFID tag of claim 13 wherein the second trans- 
mission line provides an impedance, looking into the second 
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line when connected to the first line, which permits the third 
line to be produced using standard photolithographic pro- 
cesses to match the impedance of the antenna. 

15. The RFID tag of claim 14 wherein the third section is 
of arbitrary length. 
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